Background: A study was undertaken to evaluate exacerbations and their impact on the health related quality of life (HRQL) of patients with chronic obstructive pulmonary disease (COPD). Methods: A 2 year follow up study was performed in 336 patients with COPD of mean (SD) age 66 (8.2) years and mean (SD) forced expiratory volume in 1 second (FEV 1 ) 33 (8)% predicted. Spirometric tests, questions regarding exacerbations of COPD, and HRQL measurements (St George's Respiratory Questionnaire (SGRQ) and SF-12 Health Survey) were conducted at 6 month intervals. Results: A total of 1015 exacerbations were recorded, and 103 (30.7%) patients required at least one hospital admission during the study. After adjustment for baseline characteristics and season of assessment, frequent exacerbations had a negative effect on HRQL in patients with moderate COPD (FEV 1 35-50% predicted); the change in SGRQ total score of moderate patients with >3 exacerbations was almost two points per year greater (worse) than those with ,3 exacerbations during the follow up (p = 0.042). For patients with severe COPD (FEV 1 ,35% predicted) exacerbations had no effect on HRQL. The change in SGRQ total score of patients admitted to hospital was almost 2 points per year greater (worse) than patients not admitted, but this effect failed to show statistical significance in any severity group. There was a significant and independent seasonal effect on HRQL since SGRQ total scores were, on average, 3 points better in measurements performed in spring/summer than in those measured in the winter (p,0.001). Conclusions: Frequent exacerbations significantly impair HRQL of patients with moderate COPD. A significant and independent effect of seasonality was also observed.
C
hronic obstructive pulmonary disease (COPD) is a highly prevalent disease, and it is estimated that 7-10% of the adult population may be affected. 1 COPD is a frequent cause of morbidity and disability, and even patients with mild COPD present with substantially compromised heath related quality of life (HRQL). 2 Since one of the main objectives in the management of patients with COPD is to improve or preserve their health status, 3 it is crucial to identify factors provoking persistent deterioration in HRQL.
The chronic and progressive course of COPD is often aggravated by short episodes of increasing respiratory symptoms. These exacerbations of COPD are frequent events in the natural history of the disease. Patients with moderate to severe disease experience a mean of two episodes per year. The number of episodes is dependent on the level of ventilatory impairment. 4 Furthermore, an increased number of past exacerbations is one of the best predictors for the risk of future recurrent exacerbations 5 and relapse after treatment. 6 A recent study has shown that exacerbations produce a severe short term deterioration in HRQL that improves a few days after treatment. 7 The long term impact of exacerbations has only been assessed in one previous study in 70 patients. Patients were followed for 1 year and the results showed that patients experiencing a higher number of exacerbations had significantly worse HRQL scores at the end of the study. 8 However, HRQL measurements were not performed at baseline, and it is possible that worse HRQL scores were already present at the beginning of the study in patients with frequent exacerbations. In addition, the magnitude of the impact of exacerbations on HRQL scores could not be investigated in the aforementioned study in the absence of a baseline HRQL measure. 8 In the present study a large cohort of patients with moderate to severe COPD was followed prospectively over 2 years. The evolution of HRQL and the effects of exacerbations and hospital admissions on HRQL were assessed.
METHODS

Study sample
Full details of the patient selection criteria have been reported elsewhere. 9 Four hundred and forty one patients (432 men) with a diagnosis of COPD according to guidelines 10 were recruited consecutively from 39 secondary and tertiary referral centres throughout Spain. The main inclusion criteria were: current or ex-smokers, age .40 years, and an irreversible component of airflow obstruction in pulmonary function tests. Airflow obstruction was defined as an irreversible component if the forced expiratory volume in 1 second (FEV 1 ) was less than 70% of predicted and the ratio of FEV 1 /forced vital capacity (FVC) was less than 70% before and after the use of bronchodilators. Post-bronchodilator FEV 1 was used to classify patients as stage II (FEV 1 35-50% predicted) and stage III (FEV 1 ,35% predicted) COPD based on the ATS classification. 11 All patients were in a stable phase with neither an acute clinical decline nor a hospital admission for at least 1 month before enrolment in the study. Exclusion criteria included asthma, significant bronchiectasis, carcinoma of the bronchus or other active solid or haematological neoplasms, a life expectancy of less than 2 years due to non-COPD diseases, and inability to understand or complete the HRQL questionnaires.
The study was approved by all relevant institutional ethical committees, and written informed consent was obtained from all study participants.
Patient evaluation
Participants were recruited during a 2 month period (January and February 1999) and were scheduled to attend four follow up visits at 6 month intervals over 2 years. Patients in a nonstable phase were identified by the attending physician during a scheduled follow up visit. The visit was then rescheduled for at least 2 weeks later or for a future date pending clinical stability. At the time of study enrolment and follow up visits, FEV 1 , FVC, and bronchodilator response were measured and the Spanish versions of the St George's Respiratory Questionnaire (SGRQ) 12 13 and the SF-12 Health Survey were completed by the patient. 14 15 Spirometric procedures were performed according to ATS criteria. 16 The SGRQ is a supervised, self-administered measure specifically designed for evaluation of airway disease. Scores vary from 0 (no disability or perfect health status) to 100 (maximum disability or worst health status). A change of four units in the SGRQ score is considered clinically significant. 17 The SGRQ is a valid measure of health status and well being in chronic airflow limitation and correlates with changes following treatment. 12 18 It was completed under the supervision of clinical staff and according to guidelines in the manual.
The SF-12 Health Survey is a reduced version of the SF-36 Health Survey and contains 12 items.
14 These 12 items may account for more than 90% of the variance of summary measures of the SF-36. Two scores are calculated based on the SF-12 survey-the physical summary (PCS-12) and the mental summary (MCS-12)-using a value of 50 with standard deviation of 10 units as the reference population. In this report the Spanish adult general population was used as the reference population. 15 In contrast to the SGRQ scoring system, higher scores in the SF-12 survey indicate an improved health status, with values of .50 indicating an improved health status compared with the reference population. Questionnaires were monitored for missed items throughout the study and reports were sent to each centre regularly.
The presence of co-morbid conditions was determined by verifying with patients the existence of any of 13 chronic conditions. 2 An index of co-morbidity was computed based on the number of chronic conditions reported. At each follow up visit detailed information on the number of exacerbations and hospital admissions due to COPD during the last interval were collected. Data were monitored on site twice during the study; once at the end of the enrolment period to verify the accuracy of data and compliance with inclusion and exclusion criteria and again before the last control visit to verify medical records for evidence of unreported exacerbations and hospital admissions.
Exacerbations
The consensus definition of exacerbation used was ''a sustained worsening of the patient's condition, from stable state characterised by the increase of any combination of three cardinal symptoms: dyspnoea, sputum purulence, and sputum volume, that is acute in onset and necessitates a change in regular medication''. 19 Patients were instructed to attend unscheduled visits whenever they noticed a deterioration in symptoms. If their symptoms were compatible with an exacerbation, antibiotics and/or oral steroids and/or increased doses of inhaled steroids and bronchodilators were prescribed. The characteristics of these exacerbations, treatment administered, and their clinical evolution have been presented elsewhere. 20 Detailed information on hospital admissions and exacerbations that were not attended by the investigators (due to treatment at home or at other centres) was retrospectively collected at the follow up visits. The total number of exacerbations was obtained by combining the number of exacerbations attended by the investigators and those reported by the patients at follow up visits. Patients were divided into two groups: those with >3 exacerbations (frequent) and those with 0-2 exacerbations (infrequent), according to the median number of three exacerbations over 2 years.
Statistical analysis
Descriptive statistics were generated to examine the demographic and disease characteristics of the patients. Figures showing the evolution during follow up of quality of life scores and spirometric values according to the number of exacerbations were constructed. Differences between groups were tested using the unpaired t test or x 2 test, depending on the nature of the variables. Analysis of data was performed using the Statistical Package for the Social Sciences (SPSS) version10.
To examine the difference between patients with frequent and infrequent exacerbations in total SGRQ score and its change during follow up (including the five evaluations), Generalised Estimating Equations (GEE) for repeated measures were applied using Stata Release 6.0 (StataCorp, Texas, USA). This method takes into account the correlation within subjects. 21 The interactions between the most important factors were tested. The interaction between exacerbations and COPD severity was statistically significant, showing that the effect of exacerbations on SGRQ total score was modified by severity group. Two models-one for each severity groupwere therefore constructed. To allow the interpretation of coefficients as SGRQ total score differences for a typical patient-that is, with the average characteristics of the sample-the baseline characteristics of patients used for adjustment were included as follows: (a) the continuous variables (age, BMI, smoking consumption, and years of evolution of COPD) were mean centred (removing sample means); and (b) the categorical variables (number of coexisting chronic conditions, COPD severity, and dyspnoea) were transformed by using the deviations from the means coding. For differences within patients, coefficients of interaction terms between each factor and repeated measures were calculated as total SGRQ score changes by year.
RESULTS
Of the 441 patients enrolled in the study, five had insufficient data at baseline assessment so a total of 436 patients were evaluated. Of these 436 patients, 45 (10.3%) died and 55 (12.6%) were lost to follow up, leaving 336 patients who completed the study and were valid for analysis. Causes of death included COPD (n = 13), cardiac disease (n = 7), lung cancer (n = 4), other cancers (n = 4), stroke (n = 4), complications of lung transplant (n = 2), pneumonia (n = 2), acute intestinal ischaemia (n = 1), pancreatitis (n = 1), hepatitis (n = 1), and unknown (n = 6). Table 1 shows the demographic and clinical characteristics of the patients who completed the study and those who were lost to follow up.
No significant differences were found between baseline parameters in these two groups, with the exception of BMI which was lower in patients lost to follow up than in those who completed the study (26.1 v 27.4 ; 95% CI 0.24 to 2.42). 328 (97.6%) of the study participants were men, the mean (SD) age was 66 (8.2) years, and mean (SD) tobacco consumption was 55 (30.3) pack years. Participants exhibited a marked impairment at baseline: mean (SD) FEV 1 33.0 (8.0)% predicted, mean (SD) SGRQ total score 47. 6 (17.2) , and PCS-12 score 38. 2 (9.2) . No significant deterioration was observed in . Seventy percent of patients reported at least one co-existing chronic condition, hypertension being the most common (22.4%).
Exacerbations
During the 2 year study 457 exacerbations were attended by the investigators. Information on an additional 558 exacerbations was collected during the four follow up visits and/or during on site monitoring of clinical records. These episodes were either attended by the primary care physician, by another specialist when patients were temporarily away from home, or by the hospital emergency departments. A total of 1015 exacerbations were reported by 287 patients, or a mean of 1.5 exacerbations per patient per year. The distribution of exacerbations was as follows: 49 (14.6%) patients did not experience any exacerbation, 63 (18.8%) experienced one episode, 66 (19.6%) two episodes, 51 (15.2%) three episodes, and 107 (31.8%) four or more. A total of 103 patients (30.7%) were admitted to hospital at least once due to an exacerbation during the 2 years. The number of exacerbations in the different periods of the study and their characteristics are shown in table 2. The frequency of exacerbations varied over the four periods of the study, being higher in the second and fourth periods which included the autumn and first months of winter (n = 362 and n = 251, respectively) than in the first and third periods comprising mostly the spring and summer (n = 201 for both periods). On average, patients had 1.7 exacerbations during the first year and 1.3 during the second year (p = 0.001).
Complete information on the treatment administered was available for the 457 reported exacerbations. Oral steroids were prescribed in 189 (41.4%). No differences were observed in the frequency of prescription of oral steroids in the different periods of the study (p = 0.79, table 2).
The mean (SD) time period between the last reported exacerbation and the clinical visit with HRQL evaluation was 60.6 (51.0) days. There were no significant differences in the time period between the last exacerbation and clinical visit during the different evaluations (p = 0.14) and no differences were found between frequent and infrequent exacerbators (p.0.05 in all periods, table 2).
Differences between patients with frequent and infrequent exacerbations at baseline and after 2 years Significant differences between patients with infrequent and frequent exacerbations were observed for baseline FEV 1 (34.2% predicted v 31.8% predicted, 95% CI of difference 0.8 to 4.6). In addition, all individual domains and SGRQ total score were significantly higher (that is, worse) at baseline in patients who experienced frequent exacerbations during follow up (95% CI 211.7 to 23.2 for symptoms, 212.1 to 23.2 for activity, 210.7 to 23.2 for impact, and 210.9 to 23.7 for total score). The differences in mean values in all domains were higher than the four points considered clinically significant. Similarly, significant differences were observed in PCS-12 (95% CI 0.85 to 4.73) but not in . At the end of the 2 year follow up period most measurements showed an improvement in the scores, which was of higher magnitude in the symptoms subscale. Differences in HRQL scores between patients with frequent and infrequent exacerbations persisted and even increased at the end of the study compared with baseline (table 3) .
Influence of exacerbations on HRQL during 2 year follow up period HRQL scores of the COPD population improved during follow up. The highest improvement in SGRQ scores occurred during the first 6 months of the study-that is, between the enrolment visit and the second visit. All SGRQ scores were higher (that is, worse HRQL) in evaluations performed during the winter season (third and fifth visits) than in those conducted during the spring/summer seasons (second and fourth visits). These differences were greatest in the SGRQ symptoms subscale (fig 1) . No significant differences were observed in SF-12 scores related to seasonality (data not shown).
The evolution of the SGRQ scores showed that the greatest differences between frequent and infrequent exacerbators were observed in the symptoms scale. Both groups experienced an improvement in the scores in this subscale, but patients 2) . This observation highlights the impact of exacerbations, particularly in patients with moderate COPD. No significant differences in FEV 1 (%) were observed during the 2 year follow up period. A trend to increased values at the second and fourth evaluation (spring and summer months) was observed, especially in moderate patients, although the magnitude of the change was not statistically significant and probably not clinically relevant. No differences were observed between the first and the last evaluation of lung function (fig 2) . For example, mean (SD) FEV 1 was 36.39 (8.96 )% at baseline and 36.95 (13.62)% at completion of the study.
Results of the GEE models obtained to examine the independent influence of frequent exacerbations during follow up on the five repeated measures of SGRQ total score and its change over time are shown in table 4 for patients with moderate COPD and in table 5 for patients with severe disease. The differences between groups of patients according to factors evaluated are shown in the left part of the tables. After adjusting for baseline characteristics and season of evaluation, statistically worse quality of life was estimated for moderate patients with frequent exacerbations during follow up (5.45 points higher total SGRQ score than reference group, p = 0.013), and for severe patients with any hospital admission during follow up (5.53 points higher total SGRQ score than reference group, p = 0.007). The effect of season on HRQL was statistically significant in both severity groups, with lower (better) scores in the evaluations performed during the summer (23.00 and 22.97, respectively, p,0.001) . From baseline clinical characteristics of patients, only the degree of dyspnoea explained differences between patients in total SGRQ scores, whatever the severity group.
The differences within patients according to the factors evaluated are shown in the right part of tables 4 and 5, and coefficients should be interpreted as the difference in the SGRQ total score change by year experienced by any given typical patient who exhibits the characteristic compared with the reference category. The mean annual rate of change in the SGRQ score was 22.58 (95% CI 24.0 to 21.1) for moderate patients and 21.75 (95% CI 24.6 to 1.1) for patients with severe disease. Patients who were admitted to hospital during the follow up period had a larger increase (that is, HRQL worse) in the total score than those not admitted, but this effect just failed to show statistical significance in either severity group (1.8 and 1.6 per year, p = 0.091 and p = 0.066, respectively). Similarly, suffering frequent exacerbations during the follow up period was significantly and independently associated with a significant impairment in the total SGRQ score only for moderate patients. The differences were considerable in this group, those with frequent exacerbations having a change of 20.6 points per year (95% CI 22.58 to 1.98 applying regression coefficients in table 4) compared with a change of 22.58 points per year (that is, HRQL improved) in those with infrequent exacerbations. Because of the effect of exacerbations on HRQL, moderate patients with frequent exacerbations had a slightly worse SGRQ total score at the end of the study than severe patients with infrequent exacerbations (fig 2) .
Among the baseline characteristics, the degree of dyspnoea was also significantly associated with a change in SGRQ total score over time.
DISCUSSION
In patients with COPD, exacerbations and hospital admissions were associated with long term effects on HRQL. After controlling for baseline characteristics, among patients with moderate COPD, those with frequent exacerbations had a greater change in SGRQ total score (2 units per year) than those with infrequent exacerbations. Similarly, hospital admissions resulted in an increased change of almost 2 units per year in SGRQ total scores in both moderate and severe COPD patients, but this effect just failed to show statistical significance. A significant and independent effect of seasonality was also observed. Measurements performed in the spring/summer were, on average, 3 units lower (better) than those obtained in the winter, and these differences paralleled the decrease in the number of exacerbations observed in the spring/summer compared with the winter months. The data on exacerbations were collected directly by the attending physician and by questionnaires every 6 months. The physicians participating in the study attended about half of the exacerbations, while the others were reported by the patients on follow up visits. This approach has drawbacks because it relies, at least partially, on patient recall. However, some studies have produced reliable data with annual collection of exacerbations, which is more likely to be subject to recall bias than 6 monthly collection. 22 The observation that hospital admissions had a very similar effect on HRQL to the effect of frequent exacerbations adds validity to our findings, since it is very unlikely that patients will forget an admission to hospital during a 6 month period. Furthermore, on site monitoring of clinical records at the end of the study permitted verification of the number of hospital admissions. Further supporting evidence for the validity of our data is that the mean number of exacerbations reported was 1.5 per year, which is very similar to the number noted in most studies on COPD (range 1-3 exacerbations per year). 4 5 8 It should also be noted that the unusually high proportion of men enrolled in the study can largely be accounted for by the different smoking patterns among Spanish men and women in the age group of this cohort. 23 However, because of the small number of women in the group, generalisation of the results to women should be made with caution.
To our knowledge, this is the first study evaluating the long term evolution of HRQL in patients with COPD in a study that is not an integral part of a clinical trial. The patients already had severely impaired HRQL at the time of enrolment into the study (baseline evaluation). All SGRQ scores (except for SGRQ symptoms) were higher (that is, worse) than the scores obtained for the 95th percentile of the general population of similar age; for SGRQ symptoms the score was between the 90th and 95th percentiles.
24 Surprisingly, all SGRQ scores except the SGRQ activity score improved significantly during follow up. The SGRQ total score improved by 4 units (95% CI 25.44 to 22.65) and the SGRQ symptoms score showed the highest improvement with a mean of 8 units (95% CI 210.49 to 26.19) . This was not a progressive improvement during the 2 year period of the study but occurred predominantly during the first 6 months. This improvement may be interpreted as a study effect, as patients were instructed to contact the attending physician for any exacerbation they experienced and this may have reinforced the feeling of coping with the disease. In addition, pharmacological treatments may have been optimised at entry to the study. In any case, these results highlight the importance of a placebo arm when interpreting the impact of any medical intervention on HRQL. The results of spirometric testing did not reflect the evolution of SGRQ Values are mean (SD) unless otherwise specified. BMI = body mass index; COPD = chronic obstructive pulmonary disease; FVC = forced vital capacity; FEV 1 = forced expiratory volume in 1 second; SGRQ = St George's Respiratory Questionnaire; PCS = physical summary; MCS = mental summary. *,3 in 2 years. À>3 in 2 years.
scores, highlighting the poor correlation between spirometry and SGRQ, 2 25 26 and the need for a multidimensional evaluation of COPD patients that accounts for other variables in addition to FEV 1 . 27 In contrast to the SGRQ results, the generic questionnaire SF-12 did not detect any significant change during follow up.
Our results contradict those reported in the ISOLDE study, a clinical trial designed to investigate the effects of inhaled fluticasone on the rate of decline in FEV 1 and HRQL in patients with COPD. 28 In the latter study 387 patients were followed for 36 months and HRQL declined progressively in all components of the SGRQ and the SF-36 survey. The SGRQ total score worsened by 2 units per year in the fluticasone arm and by 3.2 units per year in the placebo arm. The differences could be attributed to several factors. Firstly, the population included 38% smokers compared with only 1.4% in our study. Although the ISOLDE study observed no differences in HRQL decline rates between smokers and exsmokers, 28 no other studies have addressed this issue. Secondly, our patients received standard treatment with bronchodilators (including long and short acting b 2 agonists, anticholinergics and theophyllines) often with inhaled steroids, 9 whereas patients in the ISOLDE trial were only allowed to receive salbutamol, ipratropium bromide, or both, for symptom relief. Some studies have demonstrated the beneficial short term effects of salmeterol 18 and the effects of the addition of theophylline on improving HRQL in patients with COPD. 29 The results of our study therefore concur with a 1 year clinical trial by Vincken et al comparing tiotropium and ipratropium. 30 The patients in this study had similar disease severity (mean FEV 1 40% predicted) and were also allowed to use theophyllines, inhaled steroids, and oral steroids. SGRQ total scores improved by a mean of 23.74 units in the tiotropium arm and 20.44 in the ipratropium arm over 1 year. 30 The observed improvement in HRQL was associated with a reduction in the number of exacerbations from an average of 1.7 per patient in the first year to 1.3 in the second (p,0.001). This may be attributed to a trial effect and has been observed in different studies analysing exacerbations, since the number of exacerbations during the studies is usually lower than the number of exacerbations recorded before the initiation of the trial. 28 In another observational study, treatment of exacerbations with oral corticosteroids was associated with a prolonged time to the next exacerbation. 31 In our case, the proportion of exacerbations treated with oral corticosteroids remained unchanged during follow up, thus making any influence of this treatment on the reduction of exacerbations observed during the study very unlikely.
Spencer and Jones 32 showed that the effect of exacerbations on HRQL may persist for months; however, the greatest improvement in SGRQ scores takes place during the first month after the episode. To avoid interference of the last exacerbation with the SGRQ scores, measurements of HRQL must be done at least 1 month after the last exacerbation and during periods of clinical stability. In fact, the time from the last reported exacerbation to the next HRQL measurement was, on average, 60 days with no significant differences during the study.
Patients with frequent exacerbations have previously been shown to have worse HRQL scores than patients with infrequent exacerbations. Seemungal et al 8 evaluated 70 patients and showed that patients who experienced ,3 exacerbations per year had a mean SGRQ total score 15 points lower than patients with frequent exacerbations at the end of a 1 year follow up (95% CI 222.3 to 27.8). However, the impact of exacerbations on short term HRQL is similar to the decrease in FEV 1 values, and both parameters improved within a few days or weeks. 7 In a study in patients with chronic bronchitis, the SGRQ total score improved by a mean of 6.92 units in patients in stable phase compared with patients with exacerbations. 33 From these findings it can be ÀFor differences within patients, coefficients of interaction terms between each factor and repeated measures were calculated as total SGRQ score changes by year. Dyspnoea groups were transformed into three variables (I, II and III) using the deviations from the means coding. *Coefficients of the model were adjusted for the other variables in the table as well as for age, number of coexisting chronic conditions, body mass index, cumulative tobacco consumption, and years of evolution of COPD. ÀFor differences within patients, coefficients of interaction terms between each factor and repeated measures were calculated as total SGRQ score changes by year. Dyspnoea groups were transformed into three variables (I, II and III) using the deviations from the means coding.
hypothesised that the acute negative effect of exacerbations could accumulate over time and, consequently, patients experiencing a greater number of events can eventually exhibit a marked deterioration in HRQL. However, a deterioration in HRQL could be a risk factor for frequent exacerbations instead of its consequence. This is particularly important since a previous study has shown that a worse HRQL score is a risk factor for readmission due to exacerbations. 34 In fact, the difference in SGRQ total scores between patients with infrequent and frequent exacerbations in our population (n = 336) was already present at baseline and increased at the end of the 2 year follow up period, especially in patients with moderate COPD (FEV 1 35-50%) . Interestingly, the impact of exacerbations on HRQL is modified by COPD severity. Frequent exacerbations were associated with a significantly worse change only among patients with moderate COPD (1.98 units by year, p = 0.04). In patients with severe COPD the difference in the change in SGRQ total score between patients with infrequent and frequent exacerbations was very small and was not significant (20. 42 units per year, p = 0.62). There are several possible explanations for this unexpected finding: (1) patients with severe disease may interpret any mild increase in symptoms as an exacerbation which means more and probably milder exacerbations; (2) an increase in disease severity implies frequent medical visits and better control of the disease so these patients may benefit more from the study effect; (3) an effect of regression on the mean SGRQ score cannot be ignored but it is difficult to explain why this effect differs according to COPD severity.
In summary, exacerbations have a long term effect on HRQL in patients with moderate COPD. It is therefore crucial to identify efficacious strategies to prevent exacerbations in order to optimise HRQL and reduce costs. 
